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Abstract
Background To optimize the postoperative phase following bariatric surgery, the enhanced recovery after bariatric surgery 
pathway (ERABS) has been developed. The aim of ERABS is to create a care path that is as safe, efficient and patient-friendly 
as possible. Continuous evaluation and optimization of ERABS are important to ensure a safe treatment path and may result 
in better outcomes. The objective of this study was to compare the clinical outcomes of patients undergoing bariatric surgery 
over 2014–2017, during which the ERABS protocol was continuously evaluated and optimized.
Methods This is a retrospective cohort study. Data were collected from patients undergoing a primary Roux-en-Y gastric 
bypass or sleeve gastrectomy between January 2014 and December 2017. Outcomes were early complications, unplanned 
hospital revisits, readmissions, duration of surgery and length of hospital stay.
Results 2889 patients underwent a primary bariatric procedure in a single center. There was a significant decrease in minor 
complications over the years from 7.0 to 1.9% (p < 0.001). Hospital revisit rates decreased after 2015 (p < 0.001). Readmis-
sion rates decreased over time (p < 0.001). The mean duration of surgery decreased from 52 (in 2014) to 41 (in 2017) minutes 
(p < 0.001). Median length of hospital stay decreased from 1.8 to 1.5 days in 2015 (p = 0.002) and remained stable since.
Conclusion An improvement of the ERABS protocol was associated with a decrease in minor complication rates, number 
of unplanned hospital revisits and readmission rates after primary bariatric procedures.
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Obesity has become pandemic over the past decades [1]. The 
obesity-related comorbidities, mortality and costs empha-
size the need for both adequate prevention and treatment 
strategies. Bariatric surgery is the only long-term effective 
treatment for morbid obesity, with better results in terms of 
weight loss and resolution of obesity-associated comorbidi-
ties in comparison to non-surgical interventions [2].
At the end of the twentieth century, the enhanced recov-
ery after surgery (ERAS) program was introduced for colo-
rectal surgery [3] to standardize perioperative care and 
thereby provide more efficient, safe and cost-effective care. 
Subsequently, several study groups described an ERAS-
like program for bariatric surgery implemented within their 
own clinics [4–7]. These publications eventually lead to the 
composition of an official enhanced recovery after bariatric 
surgery (ERABS) program by the ERAS Society in 2016, 
setting the standard for and leading to the implementation 
of ERABS on a worldwide scale [8].
A meta-analysis of published studies on ERABS programs 
demonstrated the benefits of ERABS, such as a decreased 
length of hospital stay (LOS) without an increase of complica-
tions or readmissions [9]. This could lead to more efficient and 
cost-effective bariatric care. After the implementation of the 
ERABS program in 2012 within our own clinic, the number of 
unplanned revisits to the outpatient clinic or emergency ward 
and the readmission rate was significantly increased from 12.5 
to 16.8%, without an increase in the incidence of severe com-
plications. Most patients, who revisited the hospital shortly 
after discharge, had complaints of persisting pain or nausea, 
while serious complications were ruled out. The hypothesized 
reason for this was that patients were insufficiently informed 
on the postoperative course, when leaving the hospital [7]. To 
complement our ERABS protocol with the most up-to-date 
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evidence-based and experience-based knowledge, the pathway 
is continuously under evaluation and improved where possible.
The aim of this study was to evaluate the outcomes of 
patients undergoing bariatric surgery between 2014 and 
2017. In this period, the ERABS protocol was continuously 
being evaluated and optimized. Primary outcome measure 
was deviation from standard postoperative course, expressed 
as early complications, hospital readmissions and returns to 
emergency department or unscheduled visits to the outpa-
tient clinic within 30 days postoperatively. Secondary out-
come measures were duration of surgery and LOS.
Materials and methods
Design and setting
This was a retrospective cohort study with prospective data 
collection in the period between 2014 and 2017 in a single-
center setting. The Franciscus & Vlietland Hospital in Rot-
terdam, the Netherlands has a bariatric clinic mainly per-
forming laparoscopic Roux-en-Y gastric bypasses (LRYGB) 
and laparoscopic gastric sleeve gastrectomies (LSG). Since 
2014 there has been an increase in patients undergoing a 
mini gastric bypass-one anastomosis gastric bypass (MGB-
OAGB) or revisional surgery. All patients were treated 
according to the ERABS program [7]. The patients were 
divided into groups based on the year of surgery.
Data collection
Data were collected from the electronic patient files of all 
consecutive patients undergoing a primary bariatric LRYGB 
or LSG in the period of January 2014 until December 2017. 
Patients undergoing a MGB-OAGB (n = 145) or revisional 
surgery (n = 228) were excluded, due to the relatively small 
numbers of procedures.
Outcomes
Outcome measures were (1) early complications, (2) read-
missions and (3) returns to the emergency department or 
unscheduled visits to the surgical outpatient clinic within 
30 days postoperative. Complications were defined as minor 
or major complications, based on the guidelines described 
by Brethauer et al. [10].
The revised ERABS protocol of the Franciscus 
Hospital
The ERABS protocol was implemented in the Franciscus 
Hospital in the course of 2012. The protocol was composed 
by a multidisciplinary team with delegates from all involved 
departments and was based on the guidelines published by 
Fried et al. [11]. Patients are referred to the bariatric center 
by their general practitioner and are evaluated for surgery 
according to the IFSO criteria [11]. Following the IFSO 
guidelines, patients up to the age of 65 are candidates for 
surgery [8]. All patients undergoing a bariatric procedure are 
treated according to the ERABS protocol and the protocol 
is the same for all bariatric procedure types. Next to several 
recommendations from the guidelines that were adopted in 
the protocol, additional alterations were made to the ERABS 
protocol itself. The latest ERABS protocol is described in 
the next paragraphs and summarized in Table 1. The proto-
col consists of a preoperative phase, perioperative phase and 
postoperative phase.
Preoperative phase
On the intake day, patients are initially screened by the 
bariatric nurse on BMI and comorbidities. After confirma-
tion of the patient meeting the (IFSO) criteria, the patient is 
screened by a dietician and a psychologist.
On the analysis day, on average about 8 weeks later, an 
endocrinologist screens the patient in combination with 
a physical examination, looking for genetic or pathologic 
causes of obesity. A dietician evaluates the patients’ compli-
ance to their dietary advices to predict the chance of post-
operative complications due to the patients eating behavior. 
In case of concerns about eligibility for bariatric surgery by 
the surgeon, physician, dietician or psychologist, patients are 
discussed in a weekly multidisciplinary meeting.
On the planning day, on average about 2 weeks later, the 
patient is screened by the surgeon and the type of surgery 
is chosen (RYGB, SG or MGB-OAGB). An anesthesiolo-
gist screens the patient at the preoperative screening unit 
and trains the patient to self-administer subcutaneous low 
molecular weight heparin (LMWH) if indicated. The waiting 
list for bariatric procedures is about 8 weeks.
Perioperative phase
Patients are admitted on the day of surgery and can eat solid 
food up to 6 h before surgery and clear fluids up to two 
hours before surgery. Patients receive anti-embolism stock-
ings only when indicated: in case of earlier thromboembolic 
events or other risk factors. Patients are instructed to urinate 
just before departure to the OR to avoid the need for urinary 
catheters.
Patients do not receive sedative premedication in the 
holding bay. Patients receive 3 g of cefazolin or, in case 
of allergies, 600 mg clindamycin. For analgesia, 1000 mg 
acetaminophen intravenous is used and patients receive 
4 mg of dexamethasone and 4 mg ondansetron as prophy-
lactic anti-emetics. The patient is positioned while awake 
to avoid decubitus during surgery. The anesthesia protocol 
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has undergone some minimal changes. Induction is done 
with 100  mcg remifentanil, combined with propofol 
titrated to effect (200–300 mg) and rocuronium bromide 
30–40 mg. Using a Head Elevated Laryngoscopy Position 
(HELP) cushion, intubation is done by the anesthesiolo-
gist. While the surgery is performed, the patient receives 
remifentanil 10–30 ml/h, desflurane, 10–15 mg morphine 
and 10–15 mg ketamine. The operation is performed using 
intra-abdominal pressure up to 20 mmHg, to warrant good 
surgical overview and working space in the obese patient. 
For termination, remifentanil and desflurane are discon-
tinued and sugammadex 100 mg is administered. As soon 
as the patient wakes, the patient slides by themselves from 
the operating table onto a bed and is taken to the PACU. 
There, extra analgesia is only administered if indicated.
Patients are encouraged to mobilize as soon as they 
return from the OR. During admission the patient receives 
Dalteparin 5000 IE subcutaneously. Standardized pain 
protocol includes four times daily 1000  mg acetami-
nophen intravenous and—only if needed—up to six times 
daily 10–15 mg morphine intramuscular, for maximally 
24  h. The usage of non-steroidal anti-inflammatory 
drugs (NSAIDs) was discouraged. The day after surgery, 
a standardized checklist is filled in by the ward doctor 
during morning rounds. A physical therapist helps the 
patient with mobilization and gives instructions and tips 
to take home. Intravenous fluid administration is quickly 
reduced to zero when liquid intake is sufficient. Patients 
are discharged in case of no suspicion of postoperative 
complications.
Protocol alterations
Based on the finding that patients were returning to the out-
patient clinic or emergency ward more often, due to insuf-
ficient knowledge on the postoperative course and not due to 
major complications, the described protocol has undergone 
several alterations. Firstly, in 2014, a postoperative bariatric 
checklist was implemented to evaluate the safety of early dis-
charge [12]. Based on predetermined parameters and cut-off 
points, a decision was made on the patient’s discharge. Inter-
estingly, the patient’s willingness to leave the hospital was 
one of the significant predictors of presence or development 
of major complications. The checklist has become standard 
care within our ERABS program since 2014.
Secondly, as of 2016, the role of the dietician, psycholo-
gist and physical therapist grew importance. A psychologist 
already screened all patients on the intake day and can guide 
patients throughout the perioperative phase with additional 
consulting if needed. A physical therapist no longer screens 
patients preoperatively, but helps with early mobilization of 
patients on the first day postoperatively and provides infor-
mation on what to expect in the postoperative period. In 
addition to the preoperative counseling by a dietician, an 
extra group lecture is held on the first postoperative day, in 
which patients are reminded of the content of the diet and 
Table 1  Key points of the ERABS protocol in the Franciscus Hospital
Preoperatively Information evening: extensive provision of information with films and interviews
Intake day: screening by bariatric nurse, dietician and psychologist
Analysis day: screening by physician, dietician and if indicated psychologist
Planning day: screening by surgeon and anesthesiologist
Perioperatively Mandatory weighing 1 week prior to surgery and at admission on the day of surgery
Start LMWH (Dalteparin 5000 IE) on the evening before surgery
Anti-thrombosis stockings in case of DVT or PE
Intake of solid food up to 6 h and clear fluids up to 2 h prior to surgery
No urinary catheters
No sedative premedication
Scheduling of high-risk patients first on the OR
Antibiotics, analgesia and anti-emetics 15 min before surgery
Patient in French position with anti-Trendelenburg, head positioned on special HELP cushion
Early ambulation by asking patient to slide into their bed from the operation table
Postoperatively Direct encouraging to drink full liquid diet and ambulate
Analgesia with 4 times daily 1000 mg acetaminophen and 2 times daily 10 mg oxycodone when necessary
Decrease anti-diabetic medication immediately for drug-dependent T2DM with close monitoring
Low administration of intravenous fluids, decreased in accordance to oral intake
Extra group session with dietician on the morning of discharge
Mobilizing under guidance of physical therapist
Discharge when patient meets discharge criteria
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importance of compliance to this diet. We believe that the 
best strategy to inform patients on the postoperative course 
is spreading out the education over multiple visits. There-
fore, during each preoperative visit, all caregivers spend time 
informing the patient on their own area of expertise.
The hypothesis is that the patient gains confidence in 
recovering at home after practicing mobilization under the 
guidance of the physical therapist and having refreshed the 
information on dietary habits.
Statistical analysis
All analyses were performed using SPSS (PASW) 18.0 soft-
ware (SPSS Inc., Chicago, Illinois, USA). Multivariable 
binary logistic regression was used to estimate the relation-
ship between year of surgery and clinical outcome, correct-
ing for age, gender, BMI at inclusion, hypertension, diabetes, 
dyslipidemia and type of surgery. Multivariate analysis was 
used to evaluate the differences in minor and major com-
plication rates between the different types of procedures, 
corrected for surgeon, baseline characteristics and type of 
procedure. Multivariate analysis was also used for compar-
ing the percentages of patients revisiting the hospital without 
having a complication over the years, correcting for the same 
covariates. Results were evaluated at a significance threshold 
of p < 0.05 (two-sided).
Results
Between January 2014 and December 2017 2889 patients 
underwent a primary LRYGB or LSG within the Francis-
cus Hospital. Table 2 shows the patient characteristics and 
specifications of the procedures. No differences were found 
in baseline characteristics between the cohorts. The number 
of bariatric procedures that were performed by the different 
surgeons in 2014 varied from sixteen to 359 LRYGBs and 
fourteen to 417 LSGs, illustrating the wide range in surgical 
experience between the surgeons.
Figure 1 shows the complication rates over the years since 
the introduction of the ERABS program. There was a signifi-
cant decline in the rate of overall complications occurring 
within 30 days between 2014 and 2017 (p < 0.001). Espe-
cially the minor complications decreased dramatically from 
7.0% in 2014 to 1.9% in 2017 (p < 0.001). The major com-
plication rate was 4% on average over the years and did not 
change significantly (p = 0.467). There were no significant 
differences in minor complication rates (p = 0.144) or major 
complication rates (p = 0.932) between LRYGB and LSG. 
Table 3 shows that the year of surgery significantly influ-
enced minor complication rates (p = 0.002), but not major 
complication rates (p = 0.552), when using multivariable 
analysis, correcting for type of surgery, gender, age, BMI 
and comorbidities. Table 3 also shows that the surgeon did 
Table 2  Patient characteristics Characteristics 2014
(n = 669)
2015
(n = 598)
2016
(n = 847)
2017
(n = 775)
Age at surgery (years) (median, IQR) 44 (34.5–51.1) 43 (33.6–50.5) 43 (32.4–50.3) 43.2 (33.0–51.3)
Female gender (%) 79.4 79.9 82.1 81.9
BMI at inclusion (kg/m2) (mean, SD) 43.7 (5.4) 43.7 (4.8) 43.3 (4.7) 42.6 (4.6)
Hypertension (%) 22.3 32.9 23.6 28.0
Diabetes (%) 15.4 19.7 16.6 11.9
Dyslipidemia (%) 19.0 18.4 13.7 12.8
Roux-en-Y gastric bypass (%) 55.8 65.1 61.3 46.7
Fig. 1  Crude overall complica-
tion rates between 2014 and 
2016. There was a significant 
decrease in 2017 compared 
with 2014 (p < 0.001), mainly 
due to the decrease in minor 
complications (p < 0.001). 
The major complication rate 
did not change over the years 
(p = 0.467)
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not influence minor complication rates (p = 0.582) or major 
complication rates (p = 0.885) significantly. Mortality within 
30 days has remained stable with on average 0.05% each 
year. 
Figure  2 shows the rate of unplanned revisits to the 
outpatient clinic or emergency department within 30 days 
postoperatively. There was a significant increase in hospital 
revisits between 2014 and 2015 from 18 to 22%, without an 
increase in complications (Fig. 1). Since then, the amount 
of hospital revisits has gradually decreased to 14% and was 
significantly lower in 2017 compared to 2015 (p < 0.001). 
The percentage of patients revisiting the hospital without 
having a complication was increased to 18% in 2016, but 
later fell to 10% in 2017.
Figure 3 shows that the rate of hospital readmissions 
within 30 days postoperative significantly decreased over 
the years (p < 0.001). Especially the percentage of patients 
being readmitted in the hospital without any (major) com-
plications was minimal in 2017 (1%), making a bigger per-
centage of the readmissions justified. There were no sig-
nificant differences in readmission rates between LRYGB 
and LSG (p = 0.278). Also, there were no significant dif-
ferences among the surgeons in minor complication rates 
(p = 0.774), major complication rates (p = 0.901) or read-
mission rates (p = 0.950).
Figure 4 shows the decrease in total duration of surgery, 
including anesthesiological care, from 73 (in 2014) to 60 
(in 2017) minutes in the OR (p < 0.001). A similar trend 
was seen regarding the decrease in duration of surgery 
from 52 (in 2014) to 41 (in 2017) minutes.
Figure 5 displays the decrease in LOS from median 1.8 
to 1.5 days in 2015 (p = 0.002) and remained stable ever 
since.
Table 3  Multivariate analysis of 
year of surgery and surgeon on 
complication rates
Data were corrected for type of surgery, gender, age, BMI and comorbidities
Minor complication rates Major complication rates Any complication rates
OR 95% CI Sig OR 95% CI Sig OR 95% CI Sig
Year of surgery 0.002 0.552 0.005
2015 vs. 2014 0.588
(0.327–1.058)
0.076 0.787
(0.420–1.475)
0.455 0.654
(0.422–1.013)
0.057
2016 vs. 2014 0.439
(0.247–0.778)
0.005 0.641
(0.351–1.171)
0.148 0.507
(0.333–0.774)
0.002
2017 vs. 2014 0.314
(0.162–0.607)
0.001 0.818
(0.462–1.449)
0.491 0.524
(0.342–0.804)
0.003
Surgeon 0.582 0.885 0.888
Surgeon 1 vs. 5 0.592
(0.292–1.202)
0.147 1.380
(0.459–4.154)
0.567 0.766
(0.419–1.399)
0.386
Surgeon 2 vs. 5 0.648
(0.300–1.403)
0.271 1.664
(0.533–5.195)
0.381 0.885
(0.467–1.679)
0.709
Surgeon 3 vs. 5 0.514
(0.197–1.342)
0.174 1.586
(0.459–5.478)
0.465 0.776
(0.369–1.632)
0.504
Surgeon 4 vs. 5 0.526
(0.235–1.177)
0.118 1.623
(0.516–5.100)
0.407 0.785
(0.409–1.507)
0.467
Fig. 2  Percentage of hospital 
revisits within 30 days postop-
erative (p < 0.001) and crude 
percentage of patients with and 
without major complications
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Discussion
The aim of this study was to compare the outcomes of 
patients undergoing bariatric surgery over the years since 
introduction of the ERABS program in 2012. Since then, 
the ERABS protocol has continuously been evaluated and 
optimized.
In our previous analysis of the ERABS protocol as 
described by Mannaerts et al., the implementation of the 
program was mainly associated with logistic benefits, such 
as shorter operation time and shorter LOS [7]. Although 
the major complication rates remained stable, the number 
of hospital revisits had increased significantly. Under the 
hypothesis of this increase being caused by a gap in knowl-
edge on the expected postoperative course, the ERABS 
protocol was adjusted. In the revised protocol, additional 
information—provided after surgery—concerning the 
postoperative diet and early mobilization with the physical 
therapist plays a key role. In the following years, significant 
decreases were seen in minor complications, readmissions 
and unplanned hospital revisits. Also, the duration of sur-
gery decreased and the major complications rates remained 
stable. An important question that arises is whether these 
changes are caused by the revisions in the ERABS protocol, 
or that they are mainly influenced by the experience of the 
surgeon and the anesthesiological team.
The decrease in duration of surgery and LOS may par-
tially be explained by the learning curve of the surgeon 
and anesthesiological team [13], but also by the effect of 
the ERABS protocol on the logistics around bariatric sur-
gery [7]. Since 2016, the LOS remained stable. Patients 
are encouraged to leave the hospital on the first day 
Fig. 3  Crude hospital read-
mission rates within 30 days, 
decreasing over the years when 
comparing 2014 and 2017 
(p < 0.001)
Fig. 4  Crude mean length of 
procedure in minutes, divided in 
perioperative time and length of 
surgery (p < 0.001)
Fig. 5  Crude mean length of hospital stay, stabilizing since 2015. 
There was a significant decrease in LOS from 2014 to 2015 
(p = 0.048)
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postoperative, provided they meet the criteria for discharge 
according to the postoperative checklist. Nevertheless, hos-
pital stay is prolonged on mild indications, to prevent pre-
mature discharge.
The decreasing minor complication rates and readmission 
rates are more likely to be caused by the improvements that 
were made to the ERABS protocol, as patients leave the 
hospital in optimal conditions: well informed and confident 
to go home for further recovery. Patients that did return to 
the hospital and/or were readmitted within 30 days postop-
eratively, more often actually had developed a complica-
tion, making the revisit or readmission justified. Mortality 
within 30 days has remained low with 0.05% annually over 
the years, which corresponds to the Dutch national average 
mortality rate of bariatric surgery of 0.05% [14].
With the finding of significantly less minor complica-
tions, hospital revisits and readmissions, this paper is the 
first ERABS paper to show an association with improve-
ments in patient outcome rather than only logistic factors. 
While we aim for a further decrease in hospital revisits and 
readmissions, future research should focus on those patients 
who revisit the hospital without them having a complication. 
Also, future studies using questionnaires on Patient Reported 
Experience and Outcome Measures (PREMs/PROMs) may 
demonstrate an improvement in patient experience.
A limitation of this study is the variation in surgical 
experience between the surgeons. There are many factors 
that influence a surgeon’s learning curve; the amount of 
performed bariatric procedures, the amount of other (lapa-
roscopic) procedures performed and the number of bariatric 
procedures assisted, which can all have a substantial impact 
on their surgical skills. This study took place in a teach-
ing hospital, meaning that the procedures were performed 
by bariatric surgeons or by residents under the supervision 
of a bariatric surgeon. Based on the number of performed 
procedures, we can stipulate that the five bariatric surgeons 
that performed the great majority of the procedures between 
2014 and 2017 were in different stages of their learning 
curve. Even though their level of experience varied, the sur-
geon did not independently influence the complication rates 
in multivariate analysis. This result might be explained by 
the fact that we work with an experienced team of surgeons, 
scrub nurses and anesthesiology staff. Further research is 
required to determine the precise effect of surgical experi-
ence on patient outcome.
Our study underlines that the ERABS program is a 
dynamic concept and that it is important to continuously 
monitor and improve the ERABS protocol. This paper 
suggests that even minor alterations on dietary education 
and guided ambulation may already have a substantial 
impact on readmission rates. Besides the logistic benefits, 
ERABS also seems to improve patient outcome in terms 
of minor complications and readmissions within 30 days 
postoperatively. Smart timing of effective patient informa-
tion provision seems to play an important role. In our opin-
ion, optimization of the ERABS protocol is currently the 
main factor driving better outcomes. Further research is 
required to determine the impact of this improved ERABS 
programs on the patient’s experience on the hospital 
admission, surgery and postoperative care. Optimization 
of analgesia, anti-emetics and the preoperative diet can be 
interesting topics for future research.
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